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SYMBOLS 

covariant  derivative  of  the  vector 
metric  tensor,  equation  (8) 
metric  tensor,  equation  (40) 

function  of  coordinates  and  surface  streamline 
direction,  equation  (30) 

infinitesimal  distance 

enthalpy  per  unit  mass,  h  -•  U  -f  p/p 

pressure 

magnitude  of  the  velocity  vector 
radius  of  spherical  nose 

distance  along  body  from  geometric  stagnation 
point 

entropy  per  unit  mass 
temperature 

internal  energy  per  unit  mass 
velocity  vector 
free-stream  velocity 

function  of  coordinates,  equation  (50) 
curvilinear  coordinate  system  (S,^,o') 
curvilinear  coordinate  system  (s,  ^  ) 

rectangular  coordinate  system  (x,  y,  z) 
rectangular  coordinate  system  (3Cq»Y0»>o) 

angle  of  attack 
cone  semi-angle 

initial  unit  tangent  vector  to  the  streamline 
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Subscripts 

1  f  J  f  k •  1 

e 

Superscripts 
i » J  »k» 1 (Sf u 


sMil-aagls  subtended  by  the  Initial  circle  at 
the  sphere  center 

related  to  direction  cosine  of  streanllne, 
equation  (47) 

unit  tangent  vector  of  surface  streamline 

related  to  direction  cosine  of  streamline, 
equation  (47) 

density 

distance  normal  to  body 

distance  measured  along  streamline  from 
aerodynamic  stagnation  point 

roll  angle  of  the  body 

function  of  coordinates,  equation  (7) 

covariant  vector 

value  of  variable  at  sphere-cone  Junction 

contravarlant  vector 

value  of  variable  on  Initial  circle 


x.y,* 


COORDINATE  STSTEMS 
rectangular  Cartesian,  see  figure  1 
rectangular  Cartesian,  see  figure  2 
curvilinear,  see  figure  1 
curvilinear,  see  figure  2 
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INTRODUCTION 

In  order  to  perfoni  e  boundary- layer  calculation  on  any  body, 
the  velocity  (both  magnitude  and  direction)  and  the  presmtire 
Just  outside  the  boundary  layer  must  be  known.  In  other  words, 
the  streamlines  at  the  boundary- layer  edge  must  be  known.  In 
this  report  these  streamlines  shall  be  referred  to  as  surface 
streamlines  since  the  boundary-layer  thickness  is  assumed  to  be 
very  small.  In  a  two-dimensional  flow,  the  surface  streamlines 
are  sometimes  known  from  Sjrmmetry.  They  are  known,  for  example, 
on  an  axlsymmetrlc  body  in  a  flow  at  zero  angle  of  attack.  In 
a  general  three-dimensional  flow,  however,  they  can  only  be 
obtained  from  an  Integration  of  the  momentum  equations.  This 
report  presents  a  method  of  finding  these  inviscld  surface 
streamlines  from  an  experimental  surface  pressure  distribution 
on  a  sphere-cone  in  a  supersonic  flow  at  angle  of  attack.  The 
following  assumptions  are  made: 

a.  The  aerodynamic  stagnation  point  is  known  from  symmetry 
considerations  and  is  the  most  forward  point  of  the  sphere 
viewed  from  the  oncoming  flow  (see  fig.  1). 

b.  If  a  normal  to  the  surface  is  drawn  passing  through 
this  stagnation  point,  there  is  some  small  region  near  this 
point  where  the  flow  is  axlsymmetrlc  if  we  regard  this  normal 
as  the  axis. 

c.  Viscosity  and  heat  conduction  are  neglected  and  there 
are  no  shocks  on  the  body  surface.  Thus,  the  flow  over  the 
surface  is  isentropic  and  the  magnitude  of  the  velocity  depends 
only  on  the  ratio  of  static  pressure  to  the  stagnation  pressure 
behind  the  normal  shock  at  the  nose.  It  should  be  noted, 
although  we  do  not  consider  it  further  here,  that  the  stream¬ 
lines  in  the  boundary  layer  of  a  three-dimensional  flow  are 
not  parallel  to  the  surface  streamlines.  This  results  from  the 
fact  that  the  velocity  of  the  fluid  in  the  boundary  layer  is 
lower  than  the  external  velocity  and,  hence,  the  centrifugal 
forces  may  be  quite  different  in  the  two  cases. 

A  set  of  four  simultaneous  differential  equations  is  derived 
from  the  Inviscld  momentum  equation.  The  dependent  variables 
are  two  coordinates  on  the  body  surface  and  the  two  direction 
cosines  to  the  streamline.  The  independent  variable  is  the 
distance  measured  along  the  streamline  from  the  aerodynamic 
stagnation  point  from  which  all  streamlines  emanate.  Initial 
conditions  for  the  set  of  equations  are  obtained  from  assumption 
(b>  which  gives  the  fluid  velocity  and  the  streamline  direction 
in  a  small  region  near  the  stagnation  point.  If  the  experi¬ 
mental  pressure  distribution  is  tabulated  or  analytical  curve 
fits  are  provided  so  that  at  any  point  on  the  body  the  pressure 
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gradient  and  the  magnitude  of  the  fluid  reloclty  can  be  calcu¬ 
lated,  then  the  set  of  four  differential  equations  Is  In  a  con¬ 
venient  form  for  numerical  Integration  on  a  digital  computer. 


COORDINATE  SYSTEMS 

Four  orthogonal  coordinate  systems  are  used.  They  are  the 
(x.y»*),  ^®o*^»^o^  systems.  Only 

the  first  two  are  used  In  the  differential  equations  to  be 
developed,  while  the  last  two  are  used  In  the  specification  of 
the  Initial  conditions  for  these  equations.  In  some  of  the 
equations  to  follow,  the  four  coordinate  systems  will  be  desig¬ 
nated  by  the  symbols  y*'^,x*^,T^,3^,  respectively  (k  •  1,  2,  3). 
That  Is ,  , 

I 

0:  =  s 

r'=^. 

X  =  s. 

Tensor  notation  and  the  methods  of  tensor  calculus  will  be 
used  when  It  Is  convenient  4o  do  so.  Reference  (a)  gives  a 
good  treatment  of  this  subject.  Letters  which  have  the  super¬ 
script  (1,J ,k,l,m,n)  are  contravarlant  vectors,  while  letters 
wlth(l....n)  as  subscripts  are  covariant  vectors.  The  physical 
component  of  a  vector  Is  subscripted  with  a  letter  which  Iden¬ 
tifies  it  with  a  coordinate  axis  In  the  (x,y,z),  (s,V'»^)f 
^*o»J^o'V'  <*o»  V'o*  systems. 

The  (x,y.z)  and  Coordinate  Systems.  The  geometry 

Is  sHown  In  ilgure  1.  'rae  coordinates  (x,y,z)  are  right-handed 
Cartesian  with  origin  at  the  sphere  center,  z  Is  In  the  down¬ 
stream  axial  direction,  y  points  down,  and  the  free-stieam 
velocity  vector  Is  In  the  y-z  plane.  The  point  of  tangency  of 
the  sphere  and  cone  Is  given  by  the  angle  B  as  shown. 

Equation  of  sphere: 

Equation  of  cone: 


(ij)  f  (2)  =  R  ,  ^  (2) 


i "  t- 
!t‘=  y 


=  & 


X  ^  <r 


(1) 


Y’= 


x  =  % 


X  = 
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The  (s,^,<r)  coordinate  eystee  la  defined  as  follows.  For 
a  general  point  P  as  shown  in  figure  1,  ^  is  the  perpendicular 
distance  to  the  body  surface,  s  is  distance  measured  from  the 
geometric  stagnation  point  A  along  the  body  in  a  meridian  plane, 
and  ^  is  the  angle  the  meridian  plane  makes  with  the  y-z  plane. 
Tlie  meridian  plane  contains  the  z-axls  for  all  ^  ^  -  0  is 

the  y-z  plane,  and  ^  -  v/2  is  the  x-z  plane. 

For  a  point  P  ahead  of  the  point  of  tangency  of  the  sphere 
cone,  that  is,  in  region  I,  we  have 


- 


ar  +  -  R 

and  the  Inverse  relations 

{(T  +  R) 

In  region  II  we  have 

(T-  / "  H  -  2-^^ 

Where  S(.  *  B  (w/2  -  A)  and  the  Inverse  relations 


(4) 


(5) 


(6) 
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'X  - 

-  caj  ■ 


where  Ca)  -  (s-s  )sin  B  +  (<r  +  R)cos  8. 
c 


The  expressions  for  the  metric  (that  Is,  definition  of 
distance)  In  the  two  regions  are 

(Jj^)  =  dx 

4?  ^  Z 

=  Js  -h  +  <3„d(r 


since  the  coordinate  system  Is  orthogonal,  where, 


Region  I: 


(8) 


Region  II:  O,.  =■- |  '  Oo^  j  (7,,=  | 

The  (x^,y^,z^)  and  (s^, 7^^, Coordinate  Systems.  The 

O  OO  O  /O  '^O 

geometry  is  shown  in  figure  2.  The  system  Is  formed 

by  rotating  the  (x,y,z)  system  through^an^angle  a  about  the 
x-axls.  We  obtain 


fo~  ^  (9) 

+  2  C^o(. 

and  the  inverse  relations 

X-Xo 

i£  =  4^i,  Oo^< 

The  system  bears  precisely  the  same  relation 

to  the  (^o*7o»^o)  system  as  the  (s,  sybtem  does  to  the 

(x,y,z).  The  reason  for  Introducing  the  (*o*^^*  system 
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la  to  apaclfj  tha  Initial  conditions  for  any  straaallno  orig¬ 
inating  froa  a  lino  s^  •  constant,  (T ^  •  Q  for  valuss  of  ^ 

fros  0  to  r .  Ws  have 

~  a, 

^  ^ 

and  the  Inverse  relations 


R  coo 


Coo. 

-t-R)  ^ 


Transforaatlon  from  the  (s,V'»^)  to  the  Systea. 

It  vlil  be  necessary  later  to  have  foraulae  relating  the 

and  systems  directly.  Froa  equations  <11),  (9),  and  (5) 
ae  obtain 


5*=  R  Cee 


>6*i'  caA)jf  (^cL  +  O®-^ 


^  4..  Co«?^  ^of-  09^^ 


(13) 


ct;  = 


Coablnatlon  of  aquations  (12) ,  (10) ,  and  (4)  yields  the  inverse 
relations  P  .. 

S  ?  f?  04  -4i>  Cm  Vi  an  €i  +(04^  .C*4« 


11'-  tiaC' 


^  •  coo  «  +  Coo  ^  .  /3*^  4)^ 


(14) 


<r  = 


e 
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THE  CONDITION  OF  CONSTANT  ENTROPY 
ON  THE  BODY  SURFACE 

Since  the  thickness  of  the  boundary  layer  is  taken  to  be 
negligibly  snail,  the  surface  streanlines  as  previously  defined 
lie  on  the  body  surface.  In  assunption  (c)  of  the  Introduction, 
it  was  stated  that  the  flow  over  the  body  surface  was  isentropic. 
This  statement  will  now  be  given  a  rigorous  basis,  and  a  relation 
will  be  derived  between  the  surface  pressure  gradient  and  veloc¬ 
ity  gradient . 

As  a  particlo  noves  along  a  streamline  and  if  there  are  no 
discontinuities  (shocks),  then  the  entropy  change  between  two 
neighboring  positions  of  the  particle  is  given  by  the  usual 
thermodynamic  relation 


TdS=  <)U+  p  d(-js-) 

=  Jh - 

e 

(15) 

If  there  is  no  heat  conduction  to  the  particle, 
balance  requires 

then  an  energy 

h  +  ^  —  Com /'an/' 

(16a) 

(16b) 

Hence,  from  equations  (15)  and  (16b) 

(17) 

Now  the  fluid  dynamic  inviacld  momentum  equation  may  be 
written 

% 

If  we  perform  a  scalar  multiplication  of  eyh  side  of  this 
equation  by  an  infinitesimal  displaceiMnt  «  along  the  streaah* 
line^we  obtain 

±  --J-  Jb  (19) 

2-0  ^  '  along  a  streamline 
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•Inc*  th«  vector  curl 'q  is  normal  to  th«  streamline.  Com¬ 
bination  of  equations  (17)  and  <19)  gives 

~r  cjS=0  along  a  streamline  (20) 

Note  that  there  are  tvo  assumptions  contained  in  equations  (19) 
and  (20)  -  the  streamline  does  not  pass  through  a  shock,  and 
viscosity  and  heat  conduction  are  negligible. 

Equations  (19)  and  (20)  may  be  applied  to  the  present 
problem  of  the  surface  streamlines  on  a  sphere-cone  as  follows. 
Since  all  the  surface  streamlines  emanate  from  the  stagnation 
point  of  the  sphere-cone,  and  since  the  entropy  is  constant  on 
each  streamline,  therefore  the  complete  surface  of  the  body  is 
one  of  constant  entropy.  Hence,  equation  (19)  holds  for  any 
direction  tangent  to  the  body  and  may  be  written 

/t 

act' 

Note  that  equation  (21)  is  only  valid  on  the  body  surface  and 
in  a  direction  tangent  to  the  surface.  Note  also  that  equation 
(20)  allows  the  use  of  the  usual  Isentroplc  relations  for  the 
determination  of  the  density,  Mach  number,  and  velocity  from 
the  surface  pressure  at  any  point  on  the  body  surface. 


THE  DIFIEBENTIAL  EQUATIONS  FOR  THE  BODY  STREAMLINES 
Let  be  a  unit  vector  along  the  streamline.  Then 

u 


(22) 


where  q  is  the  magnitude  of  the  fluid  velocity  and  u^  is  the 
contravarlant  vector  velocity.  Let  Y  be  distance  measured 
along  the  streamline  (take  ^  •  0  at  the  aerodynamic  stagnation 
point) .  By  definition 

/  •< 

^  =  A  (23) 

jy 

along  the  streamline  where  x^  <k  1,  2»  3)  refer  to  the  co¬ 
ordinates  s ,  ^  ,  a~  t  respectively .  and  A,-  have  the 

property 

A  =  ^  =  \/qzx  ;  ^f/^99  (24) 
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Th«  Inviscld  ■oaentum  •quation  is 


(25) 


where  the  symbol  (/)  Indicates  cowariant  differentiation  (see 
ref.  (a)).  From  equations  (22)  and  (25) 


or 


_  I 


Now  if  is  any  vector,  then  (ref.  (a)) 


J 


where 
tenso 
results 


(26) 


(27) 


are  the  Christoffel  symbols  referred  to  the  metric 
tensor  use  equation  (27)  in  equation  (26),  there 


(28) 


Substituting  equation  (21)  in  equation  (28)  and  restricting  our 
consideration  to  the  surface  streamlines  gives 


Equations  (23)  and  (29)  represent  six  equations  for  X^, 
^2*  ^3*  ^  •  Only  four  are  necessary  since  by 

definition  •  (T  *0^  that  is^the  streamline  is  on  the  body 
surface.  We  define 


(30) 
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and  writ*  out 

il-.A' 

jy  ,7 

JV'  -  A 


tbo  four  equations.  They  are 


B 


(31) 


are  functions  of  the  coordinates  only  and  are  given 


d  r 

1  ®2 

belov.  p  and  q  say  be  found  fros  the  piressure.  Consequently, 
equations  (31)  along  vlth  equation  (24)  and  an  experisentally 
deterslned  pressure  distribution  fora  a  sufficient  set  of 
equations  for  the  deteralnatlon  of  the  streaallnes.  That  Is, 
solution  of  equation  (31)  gives  s  and  as  a  function  of  'r 
along  the  streaallne. 


Calculation  of  Belov  Is  given  a  list  of  the  Chrlstoffel 

syabols  in  regions  I  and  II,  sose  of  which  are  necessary  for  the 
calculation  of  B^^  and  B2.  The  foraulae  \ised  say  be  found  in 


reference  (a). 

page  82. 

In  region  I: 

l’.l“ 

t')“ 

11 

0 

fi] 

(32) 
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In  region  II: 

W’° 

0 

II 

% 

(2\  =  ^  P 

{12]  dx, 

rx  i-Siil 
|2?  J  ^ 

W 

0 

{A ! '  ° 

0 

11 

(A)  ■° 

By  expanding  the  expreeelon  on  the  right  of  equation  (30) 

3 

and  using  the  fact  that  ^  3  ~  ^  -  0  ve  obtain  the  following 


slaq;)le  expressions  for  and  82* 

!■>  ntion  I:  g  ^  ^  X 

‘  R 

ir>  ■>*  /I  ^ 

In  region  II:  D,  -  ^  - 


B.-o 


INITIAL  CONDITIONS  FOB  THE  STREANLINE  INTEGRATION 

We  construct  an  "initial  circle"  on  the  sphere  as  shown  In 
figure  2  by  cutting  the  sphere  with  a  plane  which  Is  noraal  to 


r 
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the  free-strean  velocity.  Let  ua  call  P' ^  the  unit  tangent 
vector  to  the  streaBllne  in  the  system  on  the 

initial  circle.  From  asstimption  (b)  of  the  Introduction 


(36) 


Equation  (36)  gives  the  physical  components  of  the  unit  vcictor 

According  to  the  rule  for  transforming  vectors  from  one 
coordinate  system  to  another  (ref.  (a)) 


^  r 

ax’" 


(37) 


When  equation  (36)  is  used  in  equation  (37) 

v‘  ^  r 

^  ■  ax* 


(3«) 


Now  the  metric  in  the  system  is 

(dip  b.,  dX^ 

=  K.(Jx'/+LPxf+L(dx’/ 


(39) 


where,  by  comparison  with  the  expression  for  a^j  in  equation  (8) 


b„= 


(40) 


Hence,  on  the  sphere  where  <r.  -  0,  b„  -  1. 


r,  =1  =  r'b„-  r./b„ 

Consequently,  from  equation  (36) 

r'=r,=i 

r'^n-r’-r.=^ 


<41) 
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Hence,  equation  (38)  gives  for  the  Initial  values  of 


^5 

9S. 

^So 


(42) 


From  equation  (14) 


(43) 


S>So 


So  .  .do^ 
/? 


(44) 


From  equations  (42)^  (43) ,  (44) ,  and  (24) ,  the  Initial  values 
for  X  ^  and  X  2 


t 


.  C^-doJ  4.  Coo 

_ ^ _  (45) 


’  -|2.  . 

To  sake  clear  as  to  how  the  above  equations  are  used,  the 
following  rules  are  given  for  providing  Initial  values  of  X,, 

a.  Choose  some  small  Initial  circle  surrounding  the  aero¬ 
dynamic  stagnation  point.  This  Is  equivalent  to  choosing  some 

€  as  shown  In  figure  2  (e.g.,  d  -  v/20  radians).  This  specifies 
some  s^/R  since  €.  -  b^/R>  ^  !■  arbitrary. 

b.  Since  the  angle  of  attack,  a,  is  given  from  the  experi¬ 
mental  conditions,  equations  (14)  may  be  solved  for  the  initial 
8  and  , 
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c.  Equations  (45)  and  (46)  say  now  bs  solved  for  the 
lal  and  X2. 

d.  The  initial  value  for  T  is  R€. 


MUSTER  OF  EQUATIONS 

In  order  to  get  rid  of  all  subscripts  and  superscripts 
define 


(47) 


Then  froB  equation  (24) 
In  region  I:  , 

A  -- 

A'  = 


In  region  II: 


A  =  r 

r= 


where  W  Is  the  value  of  cu  with  (T  ^  0.  That  Is, 

w  =  5*3  ^  +  R 


(48) 


(49) 


(50) 


In  region  I,  the  differential  equations  (31)  for  the  stresBllnes 
are 

i±.  ^  r 

Ar 


iJt  = 

J  r  .  _  J- 


(Sl>) 


-  tU'tl  ^ .2—  .  \t 

as  I  »»  ('(R»i>|) 
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Li 

jy 


n' 


aV'  ^(37  5V 


In  region  II: 

J  s 

</r 


ii  =  r 


jr 


_f_ 


j  f  _  j_ 

jr'  w* 


1.  it) 

Ss  '  v»/‘  5V) 


- 


JT  [sy 


9\tlt  4±ii] 

'^  '  57  w*  S-vj; 


Let  us  use  s  superscript  *  for  the  initial  conditions. 


r 

..1 

"i) 


S  -  R  C$^  \luin  €  'Cm  Vo  o<  +  Cm  €  •  CMo/ 


/■  = 


^  •  CM  ei  ^-M  C  •  d 

€.  ^  ■+■  c»c  €  •  Coe  7^  • 


^  /Ot^  .  /0#f^ 

,<u;i  *  £  •  /Ot^  VC 


(51a) 


(51b) 


(52) 


Hots  that  equation  (52)  contains  ^  as  a  paraaster  so  that  the 
streaaline  aay  be  started  at  any  point  on  the  initial  circle. 
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Solutions  of  equations  (51a)  and  (51b) ,  along  with  the 
Initial  conditions  of  equations  (52),  provide  the  streaallne 
coordinates,  s  and  V't  m  functions  of  Y  »  the  distance  along 
the  streaellne. 
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University  of  Alabaaa 
College  of  Engineering 
University,  Alabaaa 

Attn:  Prof.  C.  H.  Bryan,  Head 

Dept,  of  Aeronautical  Engineering  1 

Office  of  Naval  Research 
Bldg.  T-3,  Departaent  of  the  Navy 
17th  and  Constitution  Avenue 
Washington  25,  D.  C. 

Attn:  Mr.  Ralph  D.  Cooper,  Head 


Fluid  I^naalcs  Branch  1 

ARDE  Associates 
100  W.  Century  Road 
ParaauB,  New  Jersey 

Attn:  Hr.  Edward  Cooperaan  1 

Aeronautical  Research  Associates  of  Princeton 
50  Washington  Road 
Princeton,  New  Jersey 

Attn:  Dr.  C.  duP.  Donaldson,  President  1 

Daniel  Guggenhela  School  of  Aeronautics 
Georgia  Institute  of  Technology 
Atlanta,  Georgia 

Attn:  Prof.  A.  L.  Ducoffe  1 

University  of  Cincinnati 
Cincinnati,  Ohio 

Attn:  Prof.  R.  P.  Harrington,  Head 

Dept,  of  Aeronautical  Engineering  1 

yirglnla  Polytechnic  Institute^ 

Dept,  of  Aerospace  Engineering 
Blacksburg,  Virginia 

Attn:  Mr.  R.  T.  Keefe  1 

Attn:  Library  1 

IBM  Federal  Systea  Division 
7220  Wisconsin  Avenue 
Bethesda,  Maryland 

Attn:  Dr.  I.  Korobkln  1 
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Superintendent 

U.  S.  Naval  Postgraduate  School 
Monterey,  California 

Attn:  Technical  Reports  Section  Library  1 

National  Bureau  of  Standards 
Washington  25,  D.  C. 

Attn:  Chief,  Fluid  Mechanics  Section  1 

North  Carolina  State  College 
Raleigh,  North  Carolina 

Attn:  Prof.  R.  W.  Truitt,  Head 

Dept,  of  Mechanical  Engineering  1 

Attn:  Division  of  Engineering  Research 

Technical  Library  1 

Apollo  -  DDCS 
General  Electric  Company 
A&E  Building,  Room  204 
Daytona  Beach,  Florida 

Attn:  Dave  Hovis  1 


11 


NOLTR  63-37 

AERODYNAMICS  DEPARTMENT 

EXTERNAL  DISTRIBUTION  LIST  (SPl) 

No.  of 

Director,  Special  Projects 

Department  of  the  Navy 

Washington  25,  D,  C. 

Attn:  SP-20 

Copies 

4 

Attn:  3P-27 

2 

Attn:  SP-272 

2 

Chief,  Bureau  of  Naval  Weapons 

Attn:  RRMA 

1 

Attn:  RMGA 

1 

Bureau  of  Naval  Weapons  Representative 
(Special  Projects  Office) 

P.  0.  Box  504 

Sunnyvale,  California 

Attn:  SpL-314 

2 

- 

Office  of  Naval  Research 

1 

Washington  25,  D.  C. 

Atomic  Energy  Commission 

Engineering  Development  Branch 

Division  of  Reactor  Development 

Headquarters,  US  AEC 

Washington  25,  D,  C. 

Attn:  Mr.  J.  M.  Simmons 

1 

Attn:  Mr.  M.  J.  Whitman 

1 

Attn:  Mr.  J.  Conners 

1 

U.  S.  Atomic  Energy  Commission 

P.  0.  Box  62 

Oak  Ridge,  Tennessee 

Attn;  TRI ; NLP :ATD: 10-7 

1 

Director 

Naval  Research  Laboratory 

Washington  25,  D.  C. 

Attn:  Mr.  Edward  Chapin,  Code  6310 

1 

Commander 

1 

m 

Wright  Air  Development  Division 

Wright-Patterson  Air  Force  Base,  Ohio 

National  Aeronautics  and  Space  Administration 
George  C.  Marshall  Space  Flight  Center 
Huntsville,  Alabama 

Attn:  M-SUI-PT  (Mr.  H.  A.  Connell) 

2 

« 

Attn:  M-SFM-M  (Dr.  W.  R.  Lucas) 

1 

1 
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National  Aeronautics  and  Space  Adninietration  5 

1520  H  Street,  N.  W. 

Washington,  D.  C. 

NASA,  Langley  Research  Center 
Langley  Field  Virginia 

Attn:  Hr.  Roger  W.  Peters 

(Structures  Res.  Division)  1 

Attn:  Mr.  Russell  Hopko,  PARD  1 

NASA,  Lewis  Research  Center 
21000  Brookpark  Road 
Cleveland  35,  Ohio 

Attn:  Ur,  George  Handel,  Chief,  Library  2 

United  Aircraft  Corporation 
Research  Laboratories 
East  Hartford  8,  Connecticut 

Attn:  Ur.  H.  J.  Charette  1 

Couander 

Air  Force  Ballistic  Missile  Division 
Air  Research  and  Developaent  Conand 
P.  O.  Box  262 
Inglewood,  California 

Attn:  WDTVR  2 

Aerospace  Corporation 
El  Segundo,  California 

Attn:  Dr.  Bitondo  1 

Applied  Physics  Laboratory 
The  Johns  H(9kins  University 
Silver  Spring,  Maryland 

Attn:  Librarian  2 

AVCO  Manufacturing  Corporation 
Research  and  Advanced  Developaent  Division 
201  Lovell  Street 
Vilaington,  Massachusetts 
Attn:  Dr.  B.  D.  Henshall 

(Aerodynaaics  Section)  1 

AVCO  Manufacturing  Corporation 
Everett,  Massachusetts 

Attn:  Dr,  Kantrowltz  1 


Z 


NOLTR  63-37 


AERODYNAMICS  DEPARTMENT 
EXTERNAL  DISTRIBUTION  LIST  (SPl) 


No.  of 
CoplOB 

Defense  Metals  Inforsatlon  Center  1 

Battelle  Mesorlal  Institute 
505  King  Avenue 
Columbus  1.  Ohio 

General  Applied  Science  Laboratories.  Inc. 

Merrick  and  Stewart  Avenues 
East  Meadow,  New  York 

Attn:  Mr.  Robert  Byrne  1 


General  Electric  Company 
Space  Vehicle  and  Missiles  Department 
201  South  12th  Street 
Philadelphia,  Pennsylvania 

Attn:  Dr.  J.  Stewart  1 

Attn:  Mr.  Otto  Klima  1 

General  Electric  Research  Laboratory 
3198  Chestnut  Street 
Philadelphia,  Pennsylvania 

Attn:  Dr.  Leo  Steg  1 

Attn:  Mr.  E.  J.  Nolan  1 

Attn:  Mr.  L.  McCrelght  1 

Institute  for  Defense  Analyses 
Advanced  Research  Projects  Agency 
Washington  25,  D.  C. 

Attn:  Mr.  W.  G.  May,  General  Sciences  Br.  1 

Jet  Propulsion  Laboratory 
4800  Oak  Grove  Drive 
Pasadena  3,  California 

Attn:  I.  R.  Kowlan,  Chief,  Reports  Group  1 

Attn:  Dr.  L.  Jeffee  2 

Kaman  Aircraft  Corporation 
Nuclear  Division 
Colorado  Springs,  Colorado 

Attn:  Dr.  A.  P.  Bridges  1 

Lawrence  Radiation  Laboratory 
P.  O.  Box  808 
Livermore,  California 

Attn:  Mr.  W.  M.  Wells,  Propulsion  Div.  1 

Attn:  Mr.  Carl  Kline  1 

Lockheed  Missiles  and  Space  Company 
P.  0.  Box  504 
Sunnyvale,  California 

Attn:  Dr.  L.  H.  Wilson  2 

Via:  BUWEPSREP,  Sunnyvale 
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Los  Alanos  Scientific  Laboratory 

P.  O.  Box  1663 

Los  Alamos,  New  Mexico 

Attn:  Dr.  Donald  F.  MacMillan  1 

(N-L  Group  Leader) 

Oak  Ridge  National  Laboratory 

P.  O.  Box  E 

Oak  Ridge,  Tennessee 

Attn:  Mr.  W.  D.  Manly  1 

Polytechnic  Institute  of  Brooklyn 
527  Atlantic  Avenue 
Freeport,  New  York 

Attn:  Dr.  Paul  A.  Libby  1 

Via:  Commanding  Officer 

Officer  of  Naval  Research  Branch  Office 
346  Broadway,  New  York  13,  New  York 

Sandla  Corporation  1 

Livermore  Laboratory 
P.  O.  Box  969 
Livermore,  California 

Sandla  Corporation 
Sandia  Base 

Albuquerque,  New  Mexico 

Attn:  Mr.  Alan  Pope  1 
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